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(54) LASER BEAM MACHINING METHOD 

(57) The present invention provides a laser process- 
ing method comprising the steps of attaching a protec- 
tive tape 25 to a front face 3 of a wafer 1 a, irradiating a 
substrate 15 with laser light L while employing a rear 
face of the wafer 1 a as a laser light entrance surface 
and locating a light-converging point P within the sub- 
strate 15 so as to form a molten processed region 13 
due to multiphoton absorption, causing the molten proc- 



essed region 13 to form a cutting start region 8 inside 
by a predetermined distance from the laser light en- 
trance surface along a line 5 along which the object is 
intended to be cut in the wafer 1 a, attaching an expand- 
able tape 23 to the rear face 21 of the wafer 1a, and 
expanding the expandable tape 23 so as to separate a 
plurality of chip parts 24 produced upon cutting the wafer 
1 a from the cutting start region 8 acting as a start point 
from each other. 
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Description 
Technical Field 

[0001] The present invention relates to a processing 
method and, in particular, to a processing method using 
a laser. 

Background Art 

[0002] Techniques for highly accurately cutting ob- 
jects to be processed having various laminate structures 
such as those in which semiconductor active layers 
such as GaN are grown as crystals on an Al 2 0 3 sub- 
strate for semiconductor devices and those in which 
glass substrates are bonded to other glass substrates 
for liquid crystal display devices have recently been in 
demand, 

[0003] For cutting the objects to be processed having 
these laminate structures, it has conventionally been 
common to use a blade dicing or diamond scribe meth- 
od. 

[0004] The blade dicing method is a method in which 
an object to be processed is cut by being shaved with a 
diamond blade or the like. On the other hand, the dia- 
mond scribe method is a method in which a diamond 
pointtool forms a scribe line on the front face of an object 
to be processed, and a knife edge is pressed against 
the rear face of the object along the scribe line, so as to 
break and cut the object. 

[0005] However, sawdust or lubricant/washing water 
may enter a gap formed between a glass substrate and 
another glass substrate in the blade dicing method when 
the object is one for a liquid crystal display device men- 
tioned above, for example. 

[0006] In the diamond scribe method, on the other 
hand, a scribe line must be formed on not only the front 
face but also the rear face of the object when the object 
includes a substrate having a high hardness such as an 
Al 2 0 3 substrate or when the object is one in which glass 
substrates are bonded together, whereby errors in cut- 
ting may occur because of a misalignment between the 
respective scribe lines formed on the front and rear fac- 
es. 

Disclosure of the Invention 

[0007] In view of such circumstances, it is an object 
of the present invention to provide a laser cutting meth- 
od which overcomes problems such as those mentioned 
above, and can cut an object to be processed with a 
high precision even when the object to be processed 
has various laminate structures. 
[0008] In order to achieve the above-mentioned ob- 
ject, in one aspect, the present invention provides a la- 
ser processing method for cutting a flat object to be proc- 
essed including a substrate and a laminate part dis- 
posed on the substrate, the method comprising the 



steps of attaching a protective film to a front face of the 
object on the laminate part side, irradiating the object 
with laser light while employing a rear face of the object 
as a laser light entrance surface and locating a light- 
s converging point within the substrate so as to form a 
modified region due to multiphoton absorption, causing 
the modified region to form a cutting start region inside 
by a predetermined distance from the laser light en- 
trance surface along a line along which the object is in- 
fo tended to be cut, attaching an expandable film to the 
rear face of the object, and expanding the expandable 
film so as to separate a plurality of parts produced upon 
cutting the object from the cutting start region acting as 
a start point from each other. 
15 [0009] In another aspect, the present invention pro- 
vides a laser processing method for cutting a flat object 
to be processed including a semiconductor substrate 
and a laminate part disposed on the semiconductor sub- 
strate, the method comprising the steps of attaching a 
20 protective film to a front face of the object on the lami- 
nate part side, irradiating the object with laser light while 
employing a rear face of the object as a laser light en- 
trance surface and locating a light-converging point 
within the semiconductor substrate so as to form a moi- 
25 ten processed region, causing the molten processed re- 
gion to form a cutting start region inside by a predeter- 
mined distance from the laser light entrance surface 
along a line along which the object is intended to be cut, 
attaching an expandable film to the rear face of the ob- 
30 ject, and expanding the expandable film so as to sepa- 
rate a plurality of parts produced upon cutting the object 
from the cutting start region acting as a start point from 
each other. 

[001 0] By attaching a protective film to the front face 

35 of an object to be processed, these laser processing 
methods allow the object to be mounted on a table such 
that the rear face faces up, whereby the inside of the 
(semiconductor) substrate can favorably be irradiated 
with laser light from the rear face of the object. The mod- 

40 jfied region (molten processed region) formed by a phe- 
nomenon known as multiphoton absorption can form a 
cutting start region within the substrate along a desirable 
lineto cut along which the object should be cut, whereby 
the object can be cut from the cutting start region acting 

45 as a start point. Attaching an expandable film to the rear 
face of the object and expanding the film can easily sep- 
arate a plurality of cut parts of the object from each other. 
Namely, these laser processing method can form a cut- 
ting start region without directly irradiating the laminate 

50 part on the front face of the object with laser light, and 
cut the substrate by breaking it with a high precision 
while using a relatively small force from the cutting start 
region acting as a start point, thereby easily separating 
cut pieces of the object from each other. Therefore, even 

55 when the object to be processed has various laminate 
structures, these laser processing methods can cut the 
object with a high precision. 

[0011] The laminate part on the substrate refers to 
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one deposited on the front face of the substrate, one 
bonded to the front face of the substrate, one attached 
to the front face of the substrate, or the like, regardless 
of whether it is made of a material different from or iden- 
tical to that of the substrate. The laminate part may be 
one disposed in close contact with the substrate, one 
disposed with a gap from the substrate, or the like. Its 
examples include a semiconductor active layer formed 
by crystal growth on the substrate, and other glass sub- 
strates bonded onto a glass substrate, whereas the lam- 
inate part include one in which a plurality of layers of 
different kinds of materials are formed. The inside of the 
substrate also encompasses the surface of the sub- 
strate provided with the laminate part. The light-con- 
verging point refers to a position where the laser light is 
converged. The cutting start region may be formed by 
a modified region formed continuously or by modified 
regions formed intermittently. 

[0012] In still another aspect, the present invention 
provides a laser processing method for cutting a flat ob- 
ject to be processed including a substrate and a lami- 
nate part disposed on the substrate, the method com- 
prising the steps of attaching a protective film to a front 
face of the object on the laminate part side, irradiating 
the object with laser light while employing a rear face of 
the object as a laser light entrance surface and locating 
a light-converging point within the substrate so as to 
form a modified region due to multiphoton absorption, 
causing the modified region to form a cutting start region 
inside by a predetermined distance from the laser light 
entrance surface along a line along which the object is 
intended to be cut, attaching an expandable film to the 
rear face of the object, applying an external force to the 
object so as to cut the object into a plurality of parts from 
the cutting start region acting as a start point, and ex- 
panding the expandable film so as to separate the plu- 
rality of parts of the object from each other. 
[0013] In still another aspect, the present invention 
provides a laser processing method for cutting a flat ob- 
ject to be processed including a substrate and a lami- 
nate part disposed on the substrate, the method com- 
prising the steps of attaching a protective film to a front 
face of the object on the laminate part side, irradiating 
the object with laser light while employing a rear face of 
the object as a laser light entrance surface and locating 
a light-converging point within the substrate so as to 
form a modified region due to multiphoton absorption, 
causing the modified region to form a cutting start region 
inside by a predetermined distance from the laser light 
entrance surface along a line along which the object is 
intended to be cut, attaching an expandable film to the 
rear face of the object, applying an external force to the 
object so as to cut the object into a plurality of parts from 
the cutting start region acting as a start point, and ex- 
panding the expandable film so as to separate the plu- 
rality of parts of the object from each other. 
[001 4] Even when the object to be processed has var- 
ious laminate structures, these laser processing meth- 



ods can cut the object with a high precision because of 
the same reason as with the laser processing methods 
mentioned earlier. Also, by applying an external force to 
the object when cutting the object into a plurality of parts, 
5 these methods can easily cut the object from the cutting 
start region acting as a start point. 
[0015] In still another aspect, the present invention 
provides a laser processing method for cutti ng a flat ob- 
ject to be processed including a substrate and a lami- 

10 nate part disposed on the substrate, the method com- 
prising the steps of attaching a protective film to a front 
face of the object on the laminate part side, irradiating 
the object with laser light while employing a rear face of 
the object as a laser light entrance surface and locating 

is a light-converging point within the substrate so as to 
form a modified region due to multiphoton absorption, 
causing the modified region to form a cutting start region 
inside by a predetermined distance from the laser light 
entrance surface along a line along which the object is 

20 intended to be cut, attaching an expandable film to the 
rear face of the object, and expanding the expandable 
film so as to cut the object into a plurality of parts from 
the cutting start region acting as a start point and sep- 
arate the plurality of parts of the object from each other. 

25 [0016] In still another aspect, the present invention 
provides a laser processing method for cutting a flat ob- 
ject to be processed including a semiconductor sub- 
strate and a laminate part disposed on the semiconduc- 
tor substrate, the method comprising the steps of attach - 

30 jng a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser light 
while employing a rear face of the object as a laser light 
entrance surface and locating a light-converging point 
within the semiconductor substrate so as to form a mol- 

35 ten processed region, causing the molten processed re- 
gion to form a cutting start region inside by a predeter- 
mined distance from the laser light entrance surface 
along a line along which the object Is intended to be cut, 
attaching an expandable film to the rear face of the ob- 

40 ject, and expanding the expandable film so as to cut the 
object into a plu ral ity of parts from the cutting start region 
acting as a start point and separate the plurality of parts 
of the object from each other. 

[001 7] Even wh en the object to be processed has var- 
45 jous laminate structures, these laser processing meth- 
ods can cut the object with a high precision because of 
the same reason as with the laser processing methods 
mentioned earlier. Also, by expanding the expandable 
film , these methods can apply a tensile stress to the cut- 
50 ting start region of the object, thereby performing the 
step of cutting the object and the step of separating a 
plurality of parts from each other at the same time, thus 
reducing the number of manufacturing steps. 
[0018] Preferably, in the above-mentioned laser 
55 processing methods in accordance with the present in- 
vention, the rear face of the object is shaved so as to 
thin the substrate of the object before forming the cutting 
start region in the object. This can accurately cut the 
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object from the cutting start region acting as a start point 
with a smaller force or without requiring any special 
force. 

[0019] Preferably, in the above-mentioned laser 
processing methods in accordance with the present in- 
vention, the protective film is removed after the expand- 
able film is attached to the object This can hold the ob- 
ject formed with the cutting start region without breaking 
it up. Alternatively, it will be preferred if the protective 
film is removed after a plurality of parts of the object are 
separated from each other by expanding the expanda- 
ble film. This can protect a plurality of parts until the plu- 
rality of parts are taken out after the object is cut. 

Brief Description of the Drawings 

[0020] 



ing apparatus in accordance with the embodiment; 
Fig. 15 is a perspective view showing a wafer em- 
ployed in the laser processing method in accord- 
ance with the embodiment; 
5 Fig. 16 is a plan view of the wafer shown in Fig. 15; 

Fig. 17 is an enlarged view showing the Vl-V! and 
VII-VII sections of the wafer shown in Fig. 16; 
Fig. 1 8 is a flowchart for explaining a first example 
of the laser processing method in accordance with 
10 the embodiment; 

Fig. 19 is a flowchart for explaining a method of 
forming a cutting start region in the wafer by using 
the laser processing apparatus shown in Fig. 14; 
Figs. 20A to 20C are sectional views of the wafer 
is for explaining the laser processing method in ac- 
cordance with the first example; 
Figs. 21 A to 21 C are sectional views of the wafer 
for explaining the laser processing method in ac- 
cordance with the first example; 
Fig. 22 is a sectional view of the wafer for explain ing 
the laser processing method in accordance with the 
first example; 

Fig. 23 is a sectional view for explaining a modified 
example of the laser processing method in accord- 
ance with the first example; 
Fig. 24 is a flowchart for explaining a second exam- 
ple of the laser processing method in accordance 
with the embodiment; 

Figs. 25A to 25C are sectional views of the wafer 
for explaining the laser processing method in ac- 
cordance with the second example; 
Figs. 26 A to 26C are sectional views of the wafer 
for explaining the laser processing method in ac- 
cordance with the second example; 
Fig. 27 is a sectional view of the wafer for explaining 
the laser processing method in accordance with the 
second example; 

Fig. 28 is a flowchart for explaining a third example 
of the laser processing method in accordance with 
the embodiment; and 

Fig. 29 is a flowchart for explaining a fourth example 
of the laser processing method in accordance with 
the embodiment. 

Best Modes for Carrying Out the Invention 

[0021] In the following, a preferred embodiment of the 
present invention will be explained in detail with refer- 
ence to the drawings. In the laser processing method in 
accordance with this embodiment, a modified region 
due to multiphoton absorption is formed within an object 
to be processed. Therefore, this laser processing meth- 
od, multiphoton absorption in particular, will be ex- 
plained first. 

[0022] A material becomes transparent when its ab- 
sorption bandgap E G is greater than photon energy hv. 
Hence, a condition under which absorption occurs in the 
material is hv > E G . However, even when optically trans- 



Fig. 1 is a plan view of an object to be processed 
during laser processing by the laser processing 20 
method in accordance with an embodiment; 
Fig. 2 is a sectional view of the object taken along 
the line ll-ll of Fig. 1 ; 

Fig. 3 is a plan view of the object after the laser 
processing by the laser processing method in ac- 25 
cordance with the embodiment; 
Fig. 4 is a sectional view of the object taken along 
the line IV-IV of Fig. 3; 

Fig. 5 is a sectional view of the object taken along 
the line V-V of Fig. 3; 30 
Fig. 6 is a plan view of the object cut by the laser 
processing method in accordance with the embod- 
iment; 

Fig. 7 is a graph showing relationships between the 
field intensity and crack spot size in the laser 35 
processing method in accordance with the embod- 
iment; 

Fig. 8 is a sectional view of the object in a first step 
of the laser processing method in accordance with 
the embodiment; 40 
Fig. 9 is a sectional view of the object in a second 
step of the laser processing method in accordance 
with the embodiment; 

Fig. 10 is a sectional view of the object in a third 
step of the laser processing method in accordance *5 
with the embodiment; 

Fig. 11 is a sectional view of the object in a fourth 
step of the laser processing method in accordance 
with the embodiment; 

Fig. 1 2 is a view showing a photograph of a cross 50 
section in a part of a silicon wafer cut by the laser 
processing method in accordance with the embod- 
iment; 

Fig. 13 is a graph showing relationships between 
laser light wavelength and transmittance within a ss 
silicon substrate in the laser processing method in 
accordance with the embodiment; 
Fig. 1 4 is a schematic diagram of the laser process- 
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parent, the material generates absorption under a con- 
dition of nhv > E G (where n = 2, 3. 4, ...) if the intensity 
of laser light becomes very high. This phenomenon is 
known as multiphoton absorption. In the case of pulsed 
waves, the intensity of laser light is determined by the s 
peak power density (W/cm 2 ) of laser light at a light-con- 
verging point. The multiphoton absorption occurs under 
a condition where the peak power density is 1 x 1 0 8 (W/ 
cm 2 ) or greater for example. The peak power density is 
determined by (energy of laser light at the light-converg- 10 
ing point per pulse)/(beam spot cross-sectional area of 
laser light x pulse width). In the case of continuous 
waves, the intensity of laser light is determined by the 
field intensity (W/cm 2 ) of laser light at the light-converg- 
ing point. 15 
[0023] The principle of the laser processing method 
in accordance with the embodiment using such multi- 
photon absorption will be explained with reference to 
Figs. 1 to 6. Fig. 1 is a plan view of an object to be proc- 
essed 1 during laser processing; Fig. 2 is a sectional 20 
view of the object 1 taken along the line ll-II of Fig. 1 ; 
Fig. 3 is a plan view of the object 1 after the laser 
processing; Fig. 4 is a sectional view of the object 1 tak- 
en along the line IV-i V of Fig. 3; Fig. 5 is a sectional view 
of the object 1 taken along the line V-V of Fig. 3; and 25 
Fig. 6 is a plan view of the cut object 1 . 
[0024] As shown in Figs. 1 and 2, a desirable line to 
cut 5 along which the object 1 should be cut exists on a 
surface 10 of the object 1 . The line 5 along which the 
object is intended to be cut is a virtual line extending so 
straight (though a line may actually be drawn on the ob- 
ject so as to become the line 5 along which the object 
is intended to be cut). The laser processing method in 
accordance with this embodiment irradiates the object 
1 with laser light L while locating a light-converging point 35 
P therewith in under a condition generating multiphoton 
absorption, so as to form a modified region 7. The light- 
converging point P is a posrtion at which the laser light 
L is converged. The surface 1 0 of the object 1 is a laser 
light entrance surface on which the laser light is incident. 40 
and is preferably a flat and smooth surface in order to 
prevent the laser light L from scattering over the surface 
10. 

[0025] The laser light L is relatively moved along the 
line 5 along which the object is intended to be cut (i.e., ^ 
in the direction of arrow A in Fig. 1), so as to shift the 
light-converging point P along the line 5 along which the 
object is intended to be cut. Consequently, as shown in 
Figs. 3 to 5, the modified region 7 is formed along the 
line 5 along which the object is intended to be cut only so 
within the object 1 , and becomes a cutting start region 
8. In the laser processing method in accordance with 
this embodiment, the modified region 7 is not formed by 
the heat generated from the object 1 absorbing the laser 
light L. The laser light L is transmitted through the object 55 
1 , so as to generate multiphoton absorption therewithin, 
thereby forming the modified region 7. Therefore, the 
surface 10 of the object 1 hardly absorbs the laser light 



L, and thus does not melt. 

[0026] If a start point exists in a part to cut when cut- 
ting the object 1 , the object 1 will break from the start 
point, whereby the object 1 can be cut with a relatively 
small force as shown in Fig. 6. Hence, the object 1 can 
be cut without generating unnecessary fractures in the 
surface 1 0 of the object 1 . 

[0027] The modified region formed by multiphoton ab- 
sorption in the laser processing method in accordance 
with this embodiment encompasses the following cases 
(1)to (3): 

(1 ) Case where the modified region is a crack region 
including one crack or a plurality of cracks 

A substrate (e.g., sapphire, glass, or a piezo- 
electric material made of LiTa0 3 ) is irradiated with 
laser light while locating a light-converging point 
therewithin under a condition with a field intensity 
of at least 1 x 10 8 (W/cm 2 ) at the light-converging 
point and a pulse width of 1 fis or less. This magni- 
tude of pulse width is a condition under which a 
crack region can be formed only within the substrate 
while generating multiphoton absorption without 
causing unnecessary damages on the surface of 
the substrate. This generates a phenomenon of op- 
tical damage by multiphoton absorption within the 
substrate. This optical damage induces a thermal 
distortion within the substrate, thereby forming a 
crack region therewithin. The upper limit of field in- 
tensity is 1 x 1 0 12 (W/cm 2 ), for example. The pulse 
width is preferably 1 ns to 200 ns, for example. 

[0028] The inventors determined the relationship be- 
tween field intensity and crack size by an experiment. 
The following are conditions of the experiment. 

(A) Substrate: Pyrex (registered trademark) glass 
(with a thickness of 700 (im) 

(B) Laser 

light source: semiconductor laser pumping 
Nd:YAG laser 

wavelength: 1064 nm 

laser light spot cross-sectional area: 3.14 x 
1 0" a cm 2 

oscillation mode: Q-switched pulse 

repetition frequency: 100 kHz 

pulse width: 30 ns 

output: output < 1 mJ/pulse 

laser light quality: TEM 00 

polarizing property: linear polarization 

(C) Condenser lens 

transmittance at a laser light wavelength: 60% 

(D) Moving rate of the mount table mounting the 
substrate: 1 00 mm/sec 

[0029] The laser light quality of TEM 00 means that the 
light-converging characteristic is so high that conver- 
gence to about the wavelength of laser light is possible. 
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[0030] Fig. 7 is a graph showing the results of the 
above-mentioned experiment. The abscissa indicates 
the peak power density. Since the laser light is pulsed 
laser light, the fieid intensity is represented by the peak 
power density. The ordinate indicates the size of a crack 
part (crack spot) formed within the substrate by one 
pulse of laser light. Crack spots gather to yield a crack 
region. The crack spot size is the size of a part yielding 
the maximum length among forms of crack spots. Data 
represented by black circles in the graph refer to a case 
where the condenser lens (C) has a magnification of 
x1 00 and a numerical aperture (NA) of 0.80. On the oth- 
er hand, data represented by whitened circles in the 
graph refer to a case where the condenser lens (C) has 
a magnification of x50 and a numerical aperture (NA) of 
0.55. Crack spots are seen to occur within the object 
from when the peak power density is about 1 0 11 (W/cm 2 ) 
and become greater as the peak power density increas- 
es. 

[0031] A mechanism by which the objet to be proc- 
essed is cut by forming a crack region will now be ex- 
plained with reference to Figs. 8 to 11 . As shown in Fig. 
8, the object 1 is irradiated with laser light L while the 
light-converging point P is located within the object 1 
under a condition where multiphoton absorption occurs, 
so as to form a crack region 9 therewithin along a line 
along which the object is intended to be cut. The crack 
region 9 is a region containing one crack or a plurality 
of cracks. The crack region 9 forms a cutting start region. 
As shown in Fig. 9, when an artificial force (e.g., tensile 
stress) is applied to the object 1 , a crack further grows 
from the crack region 9 acting as a start point (i.e., from 
the cutting start region acting as a start point), and 
reaches both faces of the object 1 as shown in Fig. 10, 
whereby the object 1 fractures and is consequently cut 
as shown In Fig. 11. 

[0032] (2) Case where the modified region is a molten 
processed region 

A substrate (e.g., semiconductor material such as 
silicon) is irradiated with laser light while locating a light- 
converging point within the object under a condition with 
a fieid intensity of at least 1 x 1 0 8 (W/cm 2 ) at the light- 
converging point and a pulse width of 1 u.s or less. As a 
consequence, the inside of the substrate is locally heat- 
ed by multiphoton absorption. This heating forms a mol- 
ten processed region within the substrate. The molten 
processed region encompasses regions once molten 
and then re-solidified, regions just in a molten state, and 
regions in the process of being re-solidified from the 
molten state, and can also be referred to as a region 
whose phase has changed or a region whose crystal 
structure has changed. The molten processed region 
may also be referred to as a region in which a certain 
structure changes to another structure among monoc- 
rystal, amorphous, and polycrystal structures. For ex- 
ample, it means a region having changed from the 
monocrystal structure to the amorphous structure, a re- 
gion having changed from the monocrystal structure to 



the polycrystal structure, or a region having changed 
from the monocrystal structure to a structure containing 
amorphous and polycrystal structures. When the sub- 
strate is of a silicon monocrystal structure, the molten 
5 processed region is an amorphous silicon structure, for 
example. The upper limit of fieid intensity is 1 x 10 12 (W/ 
cm 2 ), for example. The pulse width is preferably 1 ns to 
200 ns, for example. 

[0033] By an experiment, the inventors verified that a 
10 molten processed region was formed with in asilicon wa- 
fer. The following are conditions of the experiment. 

(A) Object to be processed: silicon wafer (with a 
thickness of 350 an d an outer diameter of 4 inch- 
's es) 

(B) Laser 

light source: semiconductor laser pumping 
Nd:YAG laser 

wavelength: 1064 nm 
20 laser light spot cross-sectional area: 3.14 x 

1 0" 8 cm 2 

oscillation mode: Q-switched pulse 
repetition frequency: 100 kHz 
pulse width: 30 ns 
25 output: 20 uJ/pulse 

laser light quality: TEM 00 

polarizing property: linear polarization 

(C) Condenser lens 

magnification: x50 
30 N.A.:0.55 

transmittance at a laser light wavelength: 60% 

(D) Moving rate of the mounttable mounting the ob- 
ject: 1 00 mm/sec 

35 [0034] Fig. 12 is a view showing a photograph of a 
cross section of a part of a silicon wafer cut by laser 
processing under the conditions mentioned above. A 
molten processed region 13 is formed within the silicon 
wafer 11 . The molten processed region 13 formed under 

40 the above-mentioned conditions has a size of about 1 00 
|im in the thickness direction. 

[0035] The fact that the molten processed region 13 
is formed by multiphoton absorption will now be ex- 
plained. Fig. 13 is a graph showing relationships be- 

45 tween the laser light wavelength and the transmittance 
within the silicon substrate. Here, the respective reflect- 
ed components on the front and rear sides of the silicon 
substrate are eliminated, so as to show the internal 
transmittance alone. The respective relationships are 

so shown in the cases where the thickness t of the silicon 
substrate is 50 |xm, 1 00 ujti, 200 ^m, 500 \im, and 1000 
.urn. 

[0036] For example, at the Nd:YAG laser wavelength 
of 1064 nm, the laser light appears to be transmitted 
55 through the silicon substrate by at least 80% when the 
silicon substrate has a thickness of 500 \im or less. 
Since the silicon wafer 11 shown in Fig. 12 has a thick- 
ness of 350 \im, the molten processed region 13 caused 
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by multiphoton absorption is positioned at a part dis- 
tanced from the front face of the silicon wafer 11 by 1 75 
fim when formed near the center of the silicon wafer 1 1 . 
The transmittance in this case is 90% or more with ref- 
erence to a silicon wafer having a thickness of 200 u,m, 
whereby the laser light is absorbed only slightly within 
the silicon wafer 11 but is substantially transmitted 
therethrough. This means that the molten processed re- 
gion 13 is formed within the silicon wafer 11 not by laser 
light absorption within the silicon wafer 11 (i.e., not by 
usual heating with the laser light) but by multiphoton ab- 
sorption. 

[0037] A fracture is generated in a silicon wafer from 
a cutting start region formed by a molten processed re- 
gion, acting as a start point, toward across section, and 
reaches the front and rear faces of the silicon wafer, 
whereby the silicon wafer is cut. According to studies 
conducted by the inventors, fractures seem to start from 
the molten processed region since distortions are likely 
to occur within the silicon wafer because of physical dif- 
ferences between the molten processed region and the 
other regions. On the other hand, as can be seen from 
the photograph shown in Fig. 12, pointed molten scars 
exist above and under the molten processed region 13. 
The molten scars seem to allow the fracture starting 
from the molten processed region to reach both faces 
of the silicon wafer accurately, The molten processed 
region is formed only within the silicon wafer, and thus 
is present only within the cut section after cutting as 
shown in Fig. 12. When a cutting start region is formed 
within the substrate by a molten processed region as 
such, unnecessary fractures deviating from a cutting 
start region line are harder to occur at the time of cutting, 
whereby the cutting control becomes easier. 
[0038] (3) Case where the modified region is a refrac- 
tive index change region 

A substrate (e.g., glass) is irradiated with laser 
light while locating a light-converging point within the 
substrate under a condition with a field intensity of at 
least 1 x 1 0 8 (W/cm 2 ) at the light-converging point and 
a pulse width of 1 ns or less. When multiphoton absorp- 
tion is generated within the substrate with a very short 
pulse width, the energy caused by multiphoton absorp- 
tion is not converted into thermal energy, whereby an 
eternal structure change such as ion valence change, 
crystallization, or orientation polarization is induced 
within the substrate, thus forming a refractive index 
change region. The upper limit of field intensity is 1 x 
1 0 1 2 (W/cm 2 ), for example. The pulse width is preferably 
1 ns or less, for example, more preferably 1 ps or less. 
[0039] While the cases (1) to (3) are explained in the 
foregoing as a modified region formed by multiphoton 
absorption, a cutting start region may be formed as fol- 
lows in view of the crystal structure of an object to be 
processed, its cleavage characteristic, and the like, 
whereby the object can be cut with a high precision by 
a smaller force from the cutting start region acting as a 
start point. 



[0040] Namely, in the case of a substrate made of a 
monocrystal semiconductor having a diamond structure 
such as silicon, it will be preferred if a cutting start region 
is formed in a direction extending along a (111) plane 
5 (first cleavage plane) or a (1 1 0) plane (second cleavage 
plane). In the case of a substrate made of a lll-V family 
compound semiconductor of sphalerite structure such 
as GaAs, it will be preferred if a cutting start region is 
formed in a direction extending along a (110) plane. In 

10 the case of a substrate having a crystal structure of hex- 
agonal system such as sapphire (AJ 2 0 3 ), it will be pre- 
ferred if a cutting start region is formed in a direction 
extending along a (1120) plane (A plane) or a (1100) 
plane (M plane) while using a (0001 ) plane (C plane) as 

15 a principal plane. 

[0041] When cutting a disk-shaped wafer as a sub- 
strate, for example, if the wafer is formed with an orien- 
tation flat in a direction to be formed with the above-men- 
tioned cutting start region (e.g., a direction extending 

20 along a (111) plane in a monocrystal silicon substrate) 
or a direction orthogonal to the direction to be formed 
therewith, the cutting start region extending in the direc- 
tion to be formed with the cutting start region can' be 
formed easily and accurately with reference to the ori- 

25 entation flat. 

[0042] A laser processing apparatus employed in the 
above-mentioned laser processing method will now be 
explained with reference to Fig. 14. 
Fig. 1 4 is a schematic diagram of a laser processing ap- 

30 paratus 100. 

[0043] The laser processing apparatus 100 compris- 
es a laser light source 101 for generating laser light L; 
a laser light source controller 1 02 for regulating the laser 
light source 1 01 so as to adjust the output, pulse width, 

35 and the like of the laser light L; a dichroic mirror 103 
which functionsto reflect the laser light Land is disposed 
so as to change the orientation of the optical axis by 90°; 
a condenser lens 105 for converging the laser light L 
reflected by the dichroic mirror 103; a mount table 107 

^0 for mounting the object 1 irradiated with the laser light 
L converged by the condenser lens 1 05; an X-axis stage 
109 for moving the mount table 107 along an X axis; a 
Y-axis stage 111 for moving the mount table 1 07 along 
a Y axis orthogonal to the X axis; a Z-axis stage 113 for 

^5 moving the mount table 1 07 along a Z axis orthogonal 
to the X and Y axes; and a stage controller 1 15 for reg- 
ulating the movements of the three stages 109,111,113. 
[0044] The movement of the light-converging point P 
along the X (Y) axis is effected by causing the X (Y)-axis 

so stage 109 (111) to move the object 1 along the X (Y) 
axis. The Z axis is a direction orthogonal to the surface 
1 0 of the object 1 , and thus is a focal depth direction of 
the laser light L incident on the object 1 . Hence, the light- 
converging point P of the laser light L can be positioned 

55 within the object 1 when the Z-axis stage 1 1 3 is moved 
along the Z axis. 

[0045] The laser light source 1 01 is an Nd:YAG laser 
which generates pulsed laser light. Other examples of 
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lasers usable in the laser light source 101 include Nd: 
YV0 4 , Nd: YLF, and titanium:sapphire lasers. Though 
pulsed laser light is used for processing the object 1 in 
this embodiment, continuous-wave laser light may also 
be used as long as it can cause multiphoton absorption. 
[0046] The laser processing apparatus 100 further 
comprises an observation light source 117 which gen- 
erates visible rays for illuminating the object 1 mounted 
on the mount table 107; and a beam splitter 119. dis- 
posed on the same optical axis as with the dichroic mir- 
ror 103 and condenser lens 105, for visible rays. The 
dichroic mirror 1 03 is disposed between the beam split- 
ter 119 and the condenser lens 105. The beam splitter 
119 functions to reflect about a half of the visible rays 
and transmit the remaining half therethrough, and is dis- 
posed so as to change the orientation of the optical axis 
of visible rays by 90°. About a half of the visible rays 
generated by the observation light source 117 are re- 
flected by the beam splitter 119. and thus reflected vis- 
ible rays are transmitted through the dichroic mirror 1 03 
and condenser lens 1 05, so as to illuminate the surface 
1 0 of the object 1 including a line 5 along which the ob- 
ject is intended to be cut and the like. 
[0047] The laser processing apparatus 100 further 
comprises an image pickup device 121 and an imaging 
lens 123 which are disposed on the same optical axis 
as with the beam splitter 119, dichroic mirror 103, and 
condenser lens 105. An example of the image pickup 
device 121 is a CCD camera. Reflected light of the vis- 
ible rays having illuminated the surface 1 0 including the 
line 5 along which the object is intended to be cut and 
the like is transmitted through the condenser lens 1 05. 
dichroic mirror 103, and beam splitter 119, so as to be 
focused by the imaging lens 123 and captured by the 
imaging device 121 , thus becoming imaging data. 
[0048] The laser processing apparatus 100 further 
comprises an imaging data processor 1 25 into which the 
imaging data outputted from the imaging device 121 is 
fed, an overall controller 127 for controlling the laser 
processing apparatus as a whole, and a monitor 129. 
According to the imaging data, the imaging data proc- 
essor 1 25 calculates focal data for positioning the focal 
point of visible rays generated by the observation light 
source 1 1 7 onto the surface 1 0 of the object 1 . Accord- 
ing to the focal data, the stage controller 115 regulates 
the movement of the Z-axis stage 1 1 3 such that the focal 
point of visible rays is positioned on the surface 10 of 
the object 1. Hence, the imaging data processor 125 
functions as an autofocus unit. Also, according to the 
imaging data, the imaging data processor 125 calcu- 
lates image data such as enlarged images of the surface 
1 0, The image data are sent to the overall controller 1 27, 
so as to be subjected to various kinds of processing 
therein, and then to the monitor 129. As a consequence, 
an enlarged image and the like are displayed on the 
monitor 129. 

[0049] The overall controller 1 27 is also fed with data 
from the stage controller 115, image data from the im- 



aging data processor 125, and the like, and controls the 
laser light source controller 102, observation light 
source 1 1 7, and stage controller 1 1 5 according to these 
data as well, thereby regulating the laser processing ap- 

s paratus 100 as a whole. Hence, the overall controller 
127 functions as a computer unit. 
[0050] The laser processing method in accordance 
with the embodiment using the above-mentioned laser 
processing apparatus 100 will now be explained. Fig. 

10 15 is a perspective view showing a wafer 1a which is an 
object to be processed in the laser processing method 
in accordance with the embodiment. Fig. 1 6 is a bottom 
view of the wafer 1 a shown in Fig. 15. Fig. 17 is an en- 
larged view showing the VI-VI and Vll-Vll sections of the 

15 wafer 1 a shown in Fig. 1 6. 

[0051] With reference to Figs. 15 to 17, the wafer 1a 
is flat and substantially shaped like a disk. With refer- 
ence to Fig. 16, a plurality of lines 5 along which the 
object is intended to be cut intersecting with each other 

20 vertically and horizontally are set in the rear face 21 of 
the wafer 1a. The lines 5 along which the object is in- 
tended to be cut are virtual lines setfor cutting the wafer 
1 a into a plurality of chip-like parts. It will be preferred if 
the lines 5 along which the object is intended to be cut 

25 are set along cleavage planes of the wafer 1a, for ex- 
ample. 

[0052] The wafer 1 a also has an orientation flat (here- 
inafter referred to as "OF") 19. In this embodiment, the 
OF 19 is formed with its longitudinal direction aligning 

30 with a direction parallel to one of directions of the lines 
5 along which the object is intended to be cut intersect- 
ing with each other vertically and horizontally. The OF 
19 is provided for making it easier to identify a cutting 
direction when cutting the wafer 1a along the lines 5 

35 along which the object is intended to be cut. 

[0053] Referring to Fig. 1 7, the wafer 1 a comprises a 
substrate 15 made of a semiconductor (Si), and a lam- 
inate part 4 laminated on a surface 6 of the substrate 
1 5. The laminate part 4 includes interlayer insulating lay- 

40 ers 17a and 1 7b made of an insulative material (Si0 2 ), 
and first wiring layers 1 9a and second wiring layers 1 9b 
which are made of a metal (W). The interlayer insulating 
layer 1 7a is laminated on the surface 6 of the substrate 
1 5, whereas the first wiring layers 1 9a are laminated on 

45 a plurality of device forming regions set so as to be sep- 
arated from each other. The first wiring layers 19a are 
electrically connected to the substrate 15 by respective 
plugs 20a provided so as to penetrate through the inter- 
layer insulating layer 1 7a. The interlayer insulating layer 

50 17b is laminated on the interlayer insulating layer 17a 
and first wiring layers 19a, whereas the second wiring 
layers 19b are laminated on regions, on the interlayer 
insulating layer 17b, corresponding to the first wiring lay- 
ers 19a. The second wiring layers 19b are electrically 

55 connected to their corresponding first wiring layers 1 9a 
by respective plugs 20b provided so as to penetrate 
through the interlayer insulating layer 17b. 
[0054] The lines 5 along which the object is intended 
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to be cut are set in regions in gaps between the second 
wiring layers 19b on the interiayer insulating layer 17b. 
In the lines 5 along which the object is intended to be 
cut, the surface of the interiayer insulating layer 1 7b (i. 
e., the front face 3 of the wafer 1 a) is a flat and smooth 
surface. 

First Example 

[0055] Figs. 1 8 and 1 9 are flowcharts for explaining a 
first example of the laser processing method in accord- 
ance with the embodiment. Figs. 20 to 22 are sectional 
views of the wafer 1 a for explaining the laser processing 
method in accordance with this example. 
[0056] Referring to Fig. 1 8, a protective tape 25 as a 
protective film for protecting a laminate 4 is initially at- 
tached to the front face 3 of the wafer 1 a (S1 , Fig. 20A). 
Various materials can be used as a material for the pro- 
tective tape 25 as long as they have a cushioning effect 
for protecting the laminate part 4 and do not affect op- 
erating characteristics of the laminate part 4. Chosen as 
the material for the protective tape 25 in this embodi- 
ment is one which can absorb shocks while being re- 
movable when irradiated with UV rays. 
[0057] Subsequently, a cutting start region 8 is formed 
within the substrate 15 of the wafer 1a along a line 5 
along which the object is intended to be cut (S3, Fig. 
20B), The wafer 1 a shown in Fig. 20B is illustrated such 
that the front face 3 is located on the lower side of the 
drawing. Namely, the laser light L is emitted to a light- 
converging point P within the substrate 1 5 while employ- 
ing a region corresponding to the line 5 along which the 
object is intended to be cut in the rear face 21 of the 
wafer 1 a as a laser light entrance surface, whereby a 
molten processed region 1 3 is formed as a modified re- 
gion within the substrate 15. The molten processed re- 
gion 13 becomes a cutting start region 8 when cutting 
the wafer 1 a. 

[0058] Fig. 19 is a flowchart showing a method of 
forming the cutting start region 8 in the wafer 1 a by using 
the laser processing apparatus 100 shown in Fig. 14. In 
this embodiment, the wafer 1 a is disposed on the mount 
table 107 of the laser processing apparatus 100 such 
that the rear face 21 opposes the condenser lens 1 05. 
Namely, the laser light L is incident on the wafer 1 a from 
the rear face 21 thereof. 

[0059] Referring to Figs. 14 and 19, the light absorp- 
tion characteristic of the substrate 15 is initially meas- 
ured by a spectrophotometer or the like which is not de- 
picted. According to the result of measurement, a laser 
light source 1 01 having a wavelength to which the sub- 
strate 15 is transparent or less absorptive is chosen 
(S101). 

[0060] Subsequently, in view of the thickness, mate- 
rial, refractive index, and the like of the substrate 15, the 
amount of movement of the wafer 1 a along the Z axis is 
determined (S103). This is the amount of movement of 
the wafer 1 a, with reference to the light-converging point 



P of laser light positioned at the rear face 21 of the wafer 
1a, required for locating the light-converging point P of 
laser light L at a desirable position inside by a predeter- 
mined distance from the rear face 21 of the wafer 1a. 
s This amount of movement is fed into the overall control- 
ler 127. 

[0061] The wafer 1a is mounted on the mount table 
1 07 of the laser processing apparatus 1 00 such that the 
rear face 21 of the wafer 1 a opposes the condenser lens 

10 105. Here, since the protective tape 25 is attached to 
the front face 3 of the wafer 1a provided with the lami- 
nate part 4, the wafer 1 a can be mounted on the mount 
table 1 07 with the front face 3 facing down without any 
problems. Then, visible rays are generated by the ob- 

*5 servation light source 117, so as to illuminate the rear 
face 21 of the wafer 1 a (S1 05). The illuminated rearface 
21 of the wafer 1 a is captured by the image pickup de- 
vice 1 21 . The imaging data captured by the image pick- 
up device 121 is sent to the imaging data processor 125. 

20 According to the imaging data, the imaging data proc- 
essor 125 calculates such focal data as to position the 
focal point of visible rays from the observation light 
source 11 7 at the rear face 21 of the wafer 1 a (S 1 07). 
[0062] The focal data is sent to the stage controller 

25 115. According to the focal data, the stage controller 1 1 5 
moves the Z-axis stage 113 along the Z axis (S109). As 
a consequence, the focal point of visible rays from the 
observation light source 117 is positioned at the rear 
face 21 of the wafer 1 a. According to the imaging data, 

30 the imaging data processor 125 calculates enlarged im- 
age data of the rear face 21 including the line 5 along 
which the object is intended to be cut. The enlarged im- 
age data is sent to the monitor 129 byway of the overall 
controller 127, whereby an enlarged image of the line 5 

35 along which the object is intended to be cut and its vi- 
cinity is displayed on the monitor 129. 
[0063] Data of the movement amount determined by 
step S103 has been fed into the overall controller 127 
beforehand, and is sent to the stage controller 1 1 5. Ac- 

40 cording to the movement amount data, the stage con- 
troller 1 1 5 causes the Z-axis stage 1 1 3 to move the wa- 
fer 1 a along the Z axis such that the position of the light- 
converging point P of laser light L is inside by a prede- 
termined distance from the rear face 21 of the wafer 1 a 

45 (S111). 

[0064] Subsequently, the laser light source 101 gen- 
erates laser light L, with which the rear face 21 of the 
wafer 1a is irradiated. Since the light-converging point 
P of laser light L is positioned within the substrate 15, a 

50 molten processed region 13, which is a modified region, 
is formed only within the substrate 15. Then, the X-axis 
stage 1 09 or Y-axis stage 1 1 1 is moved along the line 5 
along which the object is intended to be cut, so as to 
form a plurality of molten processed regions 13, or a 

55 molten processed region 13 is formed continuously 
along the line 5 along which the object is intended to be 
cut, whereby a cutting start region 8 extending along the 
line 5 along which the object is intended to be cut is 
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formed within the substrate 15 (S113). 
[0065] Referring to Fig. 1 8 again, an expandable tape 
23, which is an expandable film, is attached to the rear 
face 21 of the wafer 1 a (S5, Fig. 20C). The expandable 
tape 23 is made of a material wh ich is expandable when 5 
a force is applied thereto in an expanding direction, for 
example, and is used for dividing the wafer 1 a into chips 
in a later step. The expandable tape 23 is not limited to 
those expandable when a force is applied thereto in an 
expanding direction, but may be those expandable upon 10 
heating, for example. 

[0066] Next, the wafer 1 a is cut into a plurality of chip 
parts 24 along the cutting start region 8 (S7, Fig. 21 A). 
Namely, a knife edge 33 is pressed against the cutting 
start region 8 by way of the expandable tape 23 attached 15 
to the rear face 21 of the wafer 1 a, so as to apply a bend- 
ing stress to the wafer 1a, thereby breaking the wafer 
1 a from the cutting start region 8 acting as a start point. 
Here, fractures 18 reaching the front face 3 an drear face 
21 from the cutting start region 8 occur within the wafer 20 
1a, whereby the substrate 15 is cut together with the 
interlayer insulating layers 17a and 17b. Examples of 
means for applying a stress to the wafer 1 a include not 
only the knife edge 33, but also breaking apparatus and 
roller apparatus. The front face 3 or rear face 21 of the 25 
wafer 1a may be irradiated with laser light absorbable 
by the wafer 1 a with such an amount of energy that the 
surface is not molten, so as to generate such a thermal 
stress as to start a fracture from the cutting start region 
8, thereby effecting the cutting. Also, the knife edge 33 30 
or the like may be pressed against the protective tape 
25 attached to the front face 3 of the wafer 1 a, so as to 
apply a bending stress thereto. 

[0067] Subsequently, the protective tape 25 attached 
to the front face 3 of the wafer 1 a is irradiated with UV 35 
rays V (S9, Fig. 21 B). Irradiating the protective tape 25 
with the UV rays V places the protective tape 25 in a 
removable state. Then, the protective tape 25 is peeled 
off from the front face 3 of the wafer 1a (S1 1 , Fig. 2 1 
C). The peeling of the protective tape 25 may be per- *o 
formed before the step of cutting the wafer 1 a (S7) as 
well. 

[0068] Next, the wafer 1 a is divided into individual chip 
parts 24 (S 13. Fig. 22). Namely, the expandable tape 
23 is expanded, so as to form a gap 26 between a plu- *s 
rality of chip parts 24. This makes it easier to pick up a 
plurality of chip parts 24 individually. 
[0069] As explained in the foregoing, by attaching the 
protective tape 25 to the front face 3 of the wafer 1 a, the 
laser processing method in accordance with this exam- so 
pie can mount the wafer 1 a on the mount table 1 07 such 
that the rear face 21 faces up, and thus can favorably 
irradiate the inside of the substrate 1 5 with the laser light 
L from the rear face 21 of the wafer 1 a. 
[0070] Then, a modified region formed by a phenom- 55 
enon known as multiphoton absorption can form a cut- 
ting start region 8 within the substrate 15 along a desir- 
able line 5 along which the object is intended to be cut 



for cutting the wafer 1a 5 and cut the wafer 1 a from the 
cutting start region 8 acting as a start point. Attaching 
the expandable tape 23 to the rear face 21 of the wafer 
1 a and expanding the tape 23 can easily separate a plu- 
rality of thus cut chip parts 24 of the wafer 1 a from each 
other. 

[0071] Namely, the laser processing method in ac- 
cordance with this example can form the cutting start 
region 8 without directly irradiating the laminating part 4 
on the front face 3 of the wafer 1 a with the laser light L, 
and thus can prevent the laminating part 4 from being 
damaged by the laser light L. Also, by forming the cutting 
start region 8 within the substrate 15, the method can 
cut the wafer 1a by breaking it accurately with a relative- 
ly small force from the cutting start region 8 acting as a 
start point, thereby easily separating the cut pieces of 
the wafer 1a from each other. Therefore, this laser 
processing method can cut the wafer 1 a with a high pre- 
cision even when the wafer 1 a includes the laminate part 
4. 

[0072] Also, the laser processing method in accord- 
ance with this example can make the dicing width be- 
tween the chip parts 24 much smaller than that in the 
conventional blade dicing method and the like. When 
the dicing width is made smaller as such, the gap be- 
tween the individual chip parts can be reduced, so that 
a greater number of chip parts 24 can be taken out. 
[0073] Depending on constituent materials of the lam- 
inate 4, irradiation conditions of laser light L, and the 
like, there may occur cases where care must be taken 
such that device forming regions of the laminate 4 are 
not irradiated with the laser light L. Since the laser light 
L is drastically converged so as to utilize the multiphoton 
absorption phenomenon in particular in this method, 
there are cases where it is difficult to make the laser light 
L incident on the front face 3 without irradiating the de- 
vice forming regions of the laminate 4 with the laser light 
L. In general, a semiconductor layer is often laminated 
for a device between device forming regions of the wa- 
fer. Also, there are cases where functional devices such 
as TEG (Test Element Group) are formed between the 
device forming regions in memories, integrated circuit 
devices, and the like. When the laser processing meth- 
od in accordance with this example is used in these cas- 
es, the laser light L is made incident on the rear face 21 
not provided with the laminate part 4, whereby the cut- 
ting start region 8 can favorably be formed within the 
substrate 1 5. 

[0074] The laser processing method in accordance 
with this example applies an external force to the wafer 
1a with the knife edge 33 or the like, so as to cut the 
wafer 1 a into a plurality of chip parts 24 from the cutting 
start region 8 acting as a start point. This can easily cut 
the wafer 1 a from the cutting start region 8 acting as a 
start point. 

[0075] The laser processing method in accordance 
with this example removes the protective tape 25 after 
attaching the expandable tape 23 to the wafer 1 a. This 
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can hold the wafer 1 a formed with the cutting start region 
8 without breaking it into the individual chip parts 24. 
[0076] Fig. 23 is a sectional viewfor explaining a mod- 
ified example of the laser processing method in accord- 
ance with this example. In this modified example, a plu- 5 
rafity of molten processed regions 13 are formed within 
the substrate 15 in the thickness direction thereof. For 
forming the molten processed regions 13 as such, it will 
be preferred if the step S111 (moving the wafer along 
the Z axis) and step S1 1 3 (forming the modified region) 10 
in the flowchart shown In Fig. 1 9 are alternately earned 
out a plurality of times. The moving of the wafer 1 a along 
the Z axis and the forming of the modified region may 
be performed at the same time, so as to form the molten 
processed regions 13 continuously in the thickness di- 15 
rection of the substrate 15. 

Forming the molten processed regions 13 as in 
this modified example can produce the cutting start re- 
gion 8 extending in the thickness direction of the sub- 
strate 1 5. Therefore, the wafer 1 a can be cut by breaking 20 
it with a smaller force. When a fracture due to the molten 
processed region 13 is grown in the thickness direction 
of the substrate 15, the wafer 1 a can be divided without 
the aid of external forces. 

25 

Second Example 

[0077] Fig. 24 is a flowchart showing a second exam- 
ple of the laser processing method in accordance with 
this embodiment. Figs. 25 to 27 are sectional views of 30 
the wafer 1a for explaining this example. This example 
differs from the above-mentioned first example in three 
points, i.e., (1) that the substrate is shaved so as to be- 
come thinner; (2) that no breaking with the knife edge 
33 or the like Is effected; and (3) that the protective tape 35 
25 is peeled off after dividing the wafer 1 a into a plurality 
of chip parts 24. 

[0078] Referring to Fig. 24, the protective tape 25 is 
initially attached to the front face 3 of the wafer 1 a (S21 , 
Fig. 25A). This step is the same as the step S1 in the 40 
first example and thus will not be explained in detail. 
[0079J Subsequently, the rear face 21 of the wafer 1 a 
is shaved (S23, Fig. 25B). Here, the substrate 15 is 
shaved (ground) until it has a thickness of 30 p.m to 50 
fim, for example. In order for the laser light L to be fa- 
vorabiy made incident on the rear face 21 in the next 
step, it will be preferred if the rear face 21 is shaved such 
that the shaved rear face 21 becomes a flat and smooth 
surface. 

[0080] Subsequently, a cutting start region 8 is formed so 
within the substrate 1 5 of the wafer 1 a along the line 5 
along which the object is intended to be cut (S25, Fig. 
25C). Then, the expandable tape 23 is attached to the 
shaved rear face 21 of the wafer 1a (S27, Fig. 26A). 
These steps are similar to the steps S3 and S5 in the 55 
above-mentioned first example, respectively, and thus 
will not be explained in detail. 

[0081] Next, the expandable tape 23 is expanded, so 



as to cut the wafer 1a into a plurality of chip parts 24 
from the cutting start region 8 acting as a start point and 
separate the individual chip parts 24 from each other 
(S29, Fig. 26B). Since the substrate 15 is shaved so as 
to become sufficiently thin in the above-mentioned step 
S23, the wafer 1a is cut from the cutting start region 8 
acting as a start point by a tensile stress due to the ex- 
panding of the expandable tape 23 alone. The expand- 
able tape 23 is expanded as it is, so as to form a gap 26 
between a plurality of chip parts 24. 
[0082] Subsequently, the protective tape 25 is irradi- 
ated with UV rays (S31, Fig. 26C), and the protective 
tape 25 is peeled off from the front face 3 of the wafer 
1a (S33, Fig. 27). These steps are the same as the steps 
S9 and S11 in the above-mentioned first example, re- 
spectively, and thus will not be explained in detail. The 
protective tape 25 may be peeled off before the step of 
expanding the expandable tape 23 and cutting the wafer 
1a(S29). 

[0083] The laser processing method in accordance 
with this example can form the cutting start region 8 with- 
out directly irradiating the laminate part 4 on the front 
face 3 of the wafer 1a as in the above-mentioned first 
example, whereby the laminate part 4 can be prevented 
from being damaged by the laser light L. Forming the 
cutting start region 8 within the substrate 15 can cut the 
wafer 1 a by accurately breaking it from the cutting start 
region 8 acting as a start point with a relatively small 
force, and easily separate thus cut pieces of the wafer 
1a from each other. Therefore, this laser processing 
method can cut the wafer 1a with a high precision even 
when the wafer 1 a includes the laminate part 4. 
[0084] The laser processing method in accordance 
with this example shaves the rear face 21 of the wafer 
1 a such that the substrate 1 5 of the wafer 1 a becomes 
thinner. This can cut the wafer 1a with a smaller force 
or without any special force from the cutting start region 
8 acting as a start point. Also, the wafer 1a can be cut 
with a higher precision than in the case where the sub- 
strate 15 is relatively thick. 

[0085] The laser processing method in accordance 
with this example expands the expandable tape 23 at- 
tached to the rear face 21 of the wafer 1a, so as to cut 
the wafer 1a into a plurality of chip parts 24 from the 
cutting start region 8 acting as a start point and separate 
the plurality of chip parts 24 from each other. When ex- 
panding the expandable tape 23. a tensile stress is ap- 
plied to the cutting start region 8 of the wafer 1 a, where- 
by the wafer 1 a can favorably be cut from the cutting 
start region 8 acting as a start point. Hence, this embod- 
iment can concurrently carry out the step of cutting the 
wafer 1a and the step of separating a plurality of chip 
parts 24 from each other, and thus can reduce the 
number of manufacturing steps. 
[0086] The laser processing method in accordance 
with this example emits the laser light L while employing 
the rear face 21 of the wafer 1a as the laser light en- 
trance surface. According to an experiment conducted 
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by the inventors, modified regions such as the molten 
processed region 13 tend to be formed with a bias to- 
ward the laser light entrance surface side within the sub- 
strate 15. Therefore, in this laser processing method, 
the cutting start region 13 is likely to be formed with a 
bias toward the rear face 21 to which the expandable 
tape 23 is attached. On the other hand, expanding the 
expandable tape 23 applies a greater tensile stress to 
the vicinity of the rear face 21 of the substrate 15 than 
the vicinity of the front face 3 thereof. Therefore, when 
the cutting start region 8 is biased toward the rear face 
21 within the substrate 15, the tensile stress due to the 
expanding of the expandable tape 25 can be exerted on 
the cutting start region 8 more effectively. As a conse- 
quence of the foregoing, the laser processing method 
in accordance with this example can exert the tensile 
stress on the cutting start region 8 more effectively, 
whereby the wafer 1 a can be cut with a smaller force. 
[0087] After separating a plurality of chip parts 24 of 
the wafer 1 a from each other by expanding the expand- 
able tape 23, the laser processing method in accord- 
ance with this example removes the protective tape 25. 
This can protect the plurality of chip parts 24 until they 
are taken out after cutting the wafer 1 a. 

Third Example 

[0086] Fig. 28 is a flowchart showing a third example 
of the laser processing method in accordance with this 
embodiment. This example differs from the above-men- 
tioned first example in one point, i.e., (1) that the break- 
ing with the knife edge 33 orthe like is not effected. This 
modified example will be explained with reference to 
Figs. 20 to 22 which are shown in the first example. 
[0089] Referring to Fig. 28, the protective tape 25 is 
initially attached to the front face 3 of the wafer 1 a (S41 , 
Fig. 20A). Subsequently, the cutting start region 8 is 
formed within the substrate 15 of the wafer 1a along the 
line 5 along which the object is intended to be cut (S43, 
Fig. 20B). Then, the expandable tape 23 is attached to 
the rear face 21 of the wafer 1a (S45, Fig. 20C). These 
steps are the same as the steps S1 to S5 in the above- 
mentioned first example, respectively, and thus will not 
be explained in detail. 

[0090] Next, the protective tape 25 is irradiated with 
UV rays (S47, Fig. 21 B), and is peeled off from the front 
face 3 of the wafer 1 a (S49, Fig. 2 1 C). These steps are 
the same as the steps S9 and S11 in the above-men- 
tioned first example, respectively, and thus will not be 
explained in detail. Since no stress is exerted by the 
knife edge 33, however, the fractures 1 8 shown in Figs. 
21 B and 21 C do not occur in this modified example. 
[0091] Subsequently, the expandable tape 23 is ex- 
panded, so as to cut the wafer 1 a into a plurality of chip 
parts 24 from the cutting start region 8 acting as a start 
point and separate the individual chip parts 24 from each 
other (S51, Fig. 22). Since the substrate 15 is not 
shaved thin as in the above-mentioned second exam- 



ple, the tensile stress due to the expanding of the ex- 
pandable tape 23 is made greater than that in the sec- 
ond example, whereby the wafer 1 a is cut while the cut- 
ting start region 8 acts as a start point. Then, the ex- 

5 pandable tape 23 is expanded as it is, so as to form a 
gap 26 between a plurality of chip parts 24. 
[0092] The laser processing method in accordance 
with this example can cut the wafer 1a with a high pre- 
cision even when the wafer 1 a includes the laminate part 

10 4, because of the same reason as that of the above- 
mentioned first example. 

[0093] The laser processing method in accordance 
with this example expands the expandable tape 23, so 
as to cut the wafer 1a into a plurality of chip parts 24 

15 from the cutting start region 8 acting as a start point and 
separate the plurality of chip parts 24 from each other 
as with the above-mentioned second example. This can 
concurrently carry out the step of cutting the wafer 1a 
and the step of separating a plurality of chip parts 24 

20 from each other, and thus can reduce the number of 
manufacturing steps. 

Fourth Example 

25 [0094] Fig. 29 is a flowchart showing a fourth example 
of the laser processing method in accordance with this 
embodiment. This example differs from the above-men- 
tioned first example in one point, i.e., (1) that the sub- 
strate 1 5 is shaved so as to become thinner. This mod- 

30 jfjed example will be explained with reference to Figs. 
20 to 22 shown in the first example and Fig. 25 shown 
in the second example. 

[0095] Referring to Fig. 29, the protective tape 25 is 
initially attached to the front face 3 of the wafer 1 a (S61 , 

35 Fig. 20A). This step is the same as the step S1 in the 
first example, and thus will not be explained in detail. 
Subsequently, the rear face 21 of the wafer 1 a is shaved 
(S63, Fig. 25B). This step is the same as the step S23 
in the second example, and thus will not be explained 

*o in detail. Then, the cutting start region 8 is formed within 
the substrate 15 of the wafer 1a along the line 5 along 
which the object is intended to be cut (S65, Fig. 25C). 
This step is the same as the step S3 in the first example, 
and thus will not be explained in detail. 

45 [0096] Next, the expandable tape 23 is attached to the 
rear face 21 of the wafer 1a (S67, Fig. 20C); an external 
force is applied to the wafer 1a, so as to cut the wafer 
1 a into a plurality of chip parts 24 along the cutting start 
region 8 (S69, Fig. 21 A); the protective tape 25 is irra- 

50 diated with UV rays (S71 , Fig. 21 B); the protective tape 
25 is peeled off from the front face 3 of the wafer 1 a 
(S73, Fig. 21 C); and the expandable tape 23 is expand- 
ed, so as to separate the individual chip parts 24 of the 
wafer 1a from each other (S75, Fig. 22). These steps 

55 are the same as the steps S5 to S 1 3 in the above-men- 
tioned first example, and thus will not be explained in 
detail. Since the rear face 21 of the wafer 1 a is shaved 
at step S63, however, the substrate 15 in this example 
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is thinner than the substrate 1 5 shown in Figs. 20C, 21 A CI 
to 21 C, and 22. The protective tape 25 may be peeled 
off before the step of cutting the wafer 1 a (S69). 1 . 

[0097] The laser processing method in accordance 
with this example can cut the wafer 1 a with a high pre- 5 
cision even when the wafer 1 a includes the laminate part 
4, because of the same reason as that of the above- 
mentioned first example. 

The laser processing method in accordance with 
this example shaves the rear face 21 of the wafer 1a 10 
such that the substrate 1 5 of the wafer 1 a becomes thin- 
ner as in the second example. Th is can cut the wafer 1 a 
with a smaller force or without any special force from the 
cutting start region 8 acting as a start point. 
[0098] The laser processing method in accordance '5 
with this example cuts the wafer 1a into a plurality of 
chip parts 24 from the cutting start region 8 acting as a 
start point by applying an external force to the wafer 1 a 
as in the first example. This can easily cut the wafer 1 a 
from the cutting start region 8 acting as a start point. 20 
[0099] Though the embodiment and examples of the 
present invention are explained in detail in the forego- 
ing, the present invention is not limited to the above- 2. 
mentioned embodiment and examples as a matter of 
course. 25 
[0100] For example, though the above-mentioned 
embodiment and examples use a semiconductor sub- 
strate as a substrate, the present Invention is not limited 
thereto but is favorably applicable to wafers having con- 
ductive substrates and insuiative substrates. 30 

Industrial Applicability 

[0101] As explained in the foregoing, by attaching a 
protective film to the front face of an object to be proc- 35 
essed, the laser processing method in accordance with 
the present invention can mount the object onto a table 
such that the rear face faces up, whereby the inside of 
the substrate can favorably be irradiated with laser light 
from the rear face of the object. A modified region 40 
formed by a phenomenon known as multiphoton ab- 
sorption can form a cutting start region within the sub- 
strate, whereas the object can be cut from the cutting 
start region acting as a start point. Attaching an expand- 3. 
able film to the rear face of the object and expanding the 45 
film can easily separate a plurality of cut parts of the 
object from each other. Namely, this laser processing 
method can form a cutting start region without directly 
irradiating the laminate part on the front face of the ob- 
ject with laser light, and can cut the substrate by accu- 50 
rately breaking it with a relatively small force from the 
cutting start region acting as a start point, whereby thus 
cut pieces of the object can easily be separated from 
each other. Hence, this laser processing method can cut 
an object to be processed with a high precision, even 55 
when the object has various laminate structures. 



A laser processing method for cutting a flat object 
to be processed including a substrate and a lami- 
nate part disposed on the substrate, 

the method comprising the steps of attaching 
a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser 
light while employing a rear face of the object as a 
laser light entrance surface and locating a light-con- 
verging point within the substrate so as to form a 
modified region due to multiphoton absorption, 
causing the modified region to form a cutting start 
region inside by a predetermined distance from the 
laser light entrance surface along a line along which 
the object is intended to be cut, attaching an ex- 
pandable film to the rear face of the object, and ex- 
panding the expandable film so as to separate a plu- 
rality of parts produced upon cutting the object from 
the cutting start region acting as a start point from 
each other. 

A laser processing method for cutting a flat object 
to be processed including a substrate and a lami- 
nate part disposed on the substrate, 

the method comprising the steps of attaching 
a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser 
light while employing a rear face of the object as a 
laser light entrance surface and locating a light-con- 
verging point within the substrate so as to form a 
modified region due to multiphoton absorption, 
causing the modified region to form a cutting start 
region inside by a predetermined distance from the 
laser light entrance surface along a line along which 
the object is intended to be cut, attaching an ex- 
pandable film to the rear face of the object, applying 
an external force to the object so as to cut the object 
into a plurality of parts from the cutting start region 
acting as a start point, and expanding the expand- 
able film so as to separate the plurality of parts of 
the object from each other. 

A laser processing method for cutting a flat object 
to be processed including a substrate and a lami- 
nate part disposed on the substrate, 

the method comprising the steps of attaching 
a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser 
light while employing a rear face of the object as a 
laser light entrance surface and locating a light-con- 
verging point within the substrate so as to form a 
modified region due to multiphoton absorption, 
causing the modified region to form a cutting start 
region inside by a predetermined distance from the 
laser light entrance surface along a line along which 
the object is intended to be cut, attaching an ex- 
pandable film to the rear face of the object, and ex- 
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panding the expandable film so as to cut the object 
into a plurality of parts from the cutting start region 
acting as a start point and separate the plurality of 
parts of the object from each other. 

5 

4. A laser processing method for cutting a flat object 
to be processed including a semiconductor sub- 
strate and a laminate part disposed on the semicon- 
ductor substrate, 

the method comprising the steps of attaching 10 
a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser 
light while employing a rear face of the object as a 
laser light entrance surface and locating a light-con- 
verging point within the semiconductor substrate so 15 
as to form a molten processed region, causing the 
molten processed region to form a cutting start re- 
gion inside by a predetermined distance from the 
laser light entrance surface along a line along which 
the object is intended to be cut, attaching an ex- 20 
pandable film to the rear face of the object, and ex- 
panding the expandablefilm so as to separate a plu- 
rality of parts produced upon cutting the object from 
the cutting start region acting as a start point from 
each other. 25 



as to form a molten processed region, causing the 
molten processed region to form a cutting start re- 
gion inside by a predetermined distance from the 
laser light entrance surface along a line along which 
the object is intended to be cut, attaching an ex- 
pandable film to the rear face of the object, and ex- 
panding the expandable film so as to cut the object 
into a plurality of parts from the cutting start region 
acting as a start point and separate the plurality of 
parts of the object from each other. 

7. A laser processing method according to one of 
claims 1 to 6, wherein the rear face of the object is 
shaved so as to thin the substrate of the object be- 
fore forming the cutting start region in the object. 

8. A laser processing method according to one of 
claims 1 to 7, wherein the protective film is removed 
after the expandable film is attached to the object. 

9. A laser processing method according to one of 
claims 1 to 7, wherein the protective film is removed 
after a plurality of parts of the object are separated 
from each other by expanding the expandablefilm. 



5. A laser processing method for cutting a flat object 
to be processed including a semiconductor sub- 
strate and a laminate part disposed on the semicon- 
ductor substrate, 30 

the method comprising the steps of attaching 
a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser 
light while employing a rear face of the object as a 
laser light entrance surface and locating a light-con- 35 
verging point within the semiconductor substrate so 
as to form a molten processed region, causing the 
molten processed region to form a cutting start re- 
gion inside by a predetermined distance from the 
laser light entrance surface along a line along which *o 
the object is intended to be cut, attaching an ex- 
pandablefilm to the rearface of the object, applying 
an external force to the object so as to cut the object 
into a plurality of parts from the cutting start region 
acting as a start point, and expanding the expand- 45 
able film so as to separate the plurality of parts of 
the object from each other. 

6. A laser processing method for cutting a flat object 

to be processed including a semiconductor sub- so 
strate and a laminate part disposed on the semicon- 
ductor substrate, 

the method comprising the steps of attaching 
a protective film to a front face of the object on the 
laminate part side, irradiating the object with laser 55 
light while employing a rear face of the object as a 
laser light entrance surface and locating a light-con- 
verging point within the semiconductor substrate so 
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